InTRODUcTIOn
Logging is an example of the strongest human influence on forest environment [1] because it causes damages to the forest soil and residual trees [2] . Tree felling and processing, as well as skidding of wood assortments, are the main phases of logging from the aspect of the extent of damage to stands and forest soil [3] . Damages to the forest ecosystem occur during felling and skidding operations, regardless of the technical means used in this process [1] . The problem of forest damages has become more and more important with the introduction of heavy mechanization in the phase of wood skidding and with the skidding of larger loads in the function of increasing productivity and economy of work [4] .
Stand damaging depends on a series of different factors: work method, type of the machine used, machine characteristics and the manner of use, terrain and stand characteristics, and the relation of all participants in forestry production to forestry work and the forest itself [5] . The extent of damages is closely related to the adaptation of methods, instrumentality and organization of work to specific working conditions. In such a way, the size of damage increases with the power of the machine, the mechanization of work and larger lengths of skidded assortment [3] .
Damages that occur during logging are more frequent in the skidding phase compared to the felling and processing phase. Tavankar et al. [6] found that percentage share of damages caused by a skidding operation with Timberjack 450 C tractor was about 73%, while damages caused by felling operations with chainsaw amounted to 27%. According to Martinić [3] , wood skidding is a more common cause of tree damaging compared to the felling and processing of wood during thinning operations in young stands.
The largest damages to residual trees in the wood skidding phase are caused by tractors due to constant contact with the soil and movements per stand [3] . Zahirović et al. [7] found that the percentage share of damaged residual trees during tree felling with chainsaw and skidding with tractor was 35%.
The production of wood assortments on the territory of Bosnia and Herzegovina is partially mechanized. The main instruments of work in the skidding phase are tractors, primarily special forest tractors-skidders. Wood skidding by animals (horses and oxen) is also present [8] . Until the end of World War II in Bosnia and Herzegovina's forestry manual tools were used in the wood felling and processing phase, and animal skidding, waterways, chutes and tackles in the wood skidding phase. Technical roundwood was skidded by horses, and stacked wood (traditional one-meter long fuelwood) was skidded or carried out by horses as well. The work was done by unqualified workers organized into larger groups (about 10 workers) [9, 10] . The necessity of introducing more complex mechanization in the phase of wood pre-bunching and skidding in Bosnia and Herzegovina occurred because of more and more expensive animal work and smaller offer of private horses [11] . In addition to the above-mentioned reasons, for the replacement of manual labor and animal labor in forestry production, the following reasons were also mentioned: outdoor work, significant influence of meteorological conditions on working procedures, decisive influence of soil conditions on work, difficult and hazardous work within deadlines limited by time and technology due to biological and other conditions, and others [5] . A portion of harvestable area is usually inaccessible for skidding operations due to uneven and steep terrain. The animal skidding system is commonly applied in small cut-block areas and on uneven slope areas up to slopes of 50%, where limited timber volumes are available for transporting [12] .
Animal skidding is the most rational skidding method in protected areas where low felling intensity is used and where there are no skid trails [13] . The integration of horse bunching with tractor skidding is a cost-effective solution for small wood extraction in steep terrain and in protected conservation areas. The result is a reduction in harvesting costs and skid trail density [14] .
During animal skidding, products are typically transported along a common, designated skid-trail or the shortest path [12] . Steep terrains (>40%), terrain with soft soil (soil capacity <40 kPa) and uphill skidding (>8%) should be avoided [13] . It is recommended that horse skidding be applied at shorter distances, up to 250 m [15] . Magagnotti and Spinelli [14] notify that horse skidding is the cheapest alternative if the total extraction distance is shorter than 200 m.
According to Malatinszky and Fiscor [16] , 26% of Forest Districts in Hungary apply animal logging regularly, using exclusively horses. Borz and Ciobanu [17] notify that tree felling using chainsaws followed by horse logging is a practice conducted in Romania, mostly applied in very young and dense stands where thinning operations are done. Non-mechanized wood extraction was used in 60% of forest operations and skidding in 35% of the cases in mountain areas of Bulgaria [18] . Toms et al. [19] report that animal logging is used in Alabama on small tracts, tracts with low timber volumes and harvests which use selective thinning. Verani and Sperandio [20] notify that the use of animals for hauling (mules and oxen) is still quite frequent in coppice harvesting in Southern Italy.
There is only light residual stand damage and soil compaction when using horse skidding [21] . In addition to decreasing the damages to residual trees during horse skidding, the density of the secondary forest communication network is also decreased [22] . Horse skidding of roundwood and hauling of one-meter long fuelwood caused twice less damages to residual trees in comparison to other skidding methods (adapted ZETOR 6945 tractor, adapted TORPEDO TD 75064 tractor) [3] . According to Martinić [3] , skidding and hauling of wood by horses caused damages to 1.9% residual trees or every 52nd tree, which is statistically less significant in comparison to other skidding methods. Ficklin et al. [23] found that only 7% of residual trees of >5" (≈12.7 cm) diameter at the breast height were damaged by mule logging system in oak and pine stands (Quercus velutina Lain., Quercus alba L. i Pinus echinata Mill.), and 22% of residual trees were damaged by the skidder system. Also, damages to regeneration when using animal (mule) logging method were significantly lower than when using the mechanized logging method by Timberjack C450 skidder [24] . Reduction in carbon emissions due to the absence of fossil fuel is another advantage of animal use in wood extraction [21] .
Skidder logging causes higher soil compaction and lower soil porosity in comparison to animal skidding (mule skidding). Skidder compact both the depth of 0-10 cm and 10-20 cm, although mules mostly compact the top layer of the soil. Skidder disturbs larger area than mules during the extraction of the same wood volume [25] .
Dudek and Sosnowski [26] explored the influence of different skidding technologies on tree damages in mountain area of Poland and found that two-horse skidding was the most environmentally friendly technology. Next were Larix 3T cable winch, agricultural MTZ 82 tractor, and a specialized skidder-type LKT 80 forest tractor.
Considering that animals are used for pre-bunching and skidding of the one part of felled wood in Bosnia and Herzegovina the aim of the research was to determine damages to residual trees in stands during oxen skidding. Horse is the most common and the most appropriate animal used for wood logging because of the best use of pulling force in accordance with its weight. Furthermore, it is able to increase the pulling force in a very short period of time, which is very important for wood logging. Horses are faster in comparison to oxen, but their purchase price, as well as feeding and maintance costs are greater. Oxen are more calm and secure during wood logging. Nontheless, because of the working method, front side of load is partially raised from the ground whereby traction resistance decreases, and load colletcs less amount of dirt, which is very important for processing in a sawmill.
MATeRIALS AnD MeTHODS
The research was conducted in eastern Bosnia and Herzegovina, in the area managed by Public Forest Enterprise "Šume Republike Srpske" a.d. Sokolac, Forest Management "Jahorina" Pale. The research object was Compartment 64, Forest Unit "Jahorina". Compartment area amounts to 86.41 ha, with altitude in the compartment ranging from 1360 to 1472 m. Average terrain slope is up to 15° with southeastern exposure. The compartment belongs to "High forest of fir and spruce or spruce on limestone soils" forest type. The share of species in the mixture is as follows: fir 37.09%, spruce 53.26%, beech 5.98%, and other broadleaved species 3.67%. The marking of trees for felling was conducted in 2016. The volume of marked trees was 2,746.19 m 3 . The intensity of felling for coniferous and broadleaved trees was 10.26%.
Tree felling and extraction of wood assortments was carried out during 2017. Felling and processing were conducted by using a chainsaw. The extraction of wood assortments to the landing on the truck road was carried out by animals, i.e. by two oxen. Assortment processing method was performed. In earlier planning period wood extraction was carried out by animals and tractors as well, which is the reason why tractor skidding trails exist in the compartment. Animal paths and tractor skidding trails were used for skidding wood assortments from felling to landing on the truck road. Wood assortments were prebunched by oxen via animal paths from the felling site to the tractor skidding trail and then skidded by oxen via tractor skidding trail to the landing on the truck road. The slope of the tractor skidding trails used for animal skidding was less than 5%. The pre-bunching phase includes working operations of load forming and hauling of formed load to the tractor skidding trail, and the skidding phase includes wood skidding via tractor skidding trail to the landing on the truck road.
Damages to residual trees which occurred during animal logging were observed immediately after wood extraction, in August 2017. Only the damages which occurred during wood extraction were observed, while damages occurred during felling and processing were not the subject of analysis. Four stripe shape sample plots were set up in the compartment. Sample plots were set up in vertical direction to the central, longest tractor skidding trail. Sample plot 1 and sample plot 2 were located on the left side and on the right side of the tractor skidding trail respectively, at the distance of 500 m from the landing on the truck road. Sample plot 3 and sample plot 4 were located on the left side and on the right side of the tractor skidding trail respectively, at the distance of 100 m from the landing on the truck road with the aim of identifying skidding frequency influence on damage to residual trees. Sample plots were divided into two zones, with an area of 900 m 2 each. The first zone of every sample plot was set up at a distance of 0-30 m from the skidding trail, and the second zone at a distance of 30-60 m from the skidding trail. The zone width was 30 m (Figure 1 ).
FIgURe 1. Schematic layout of sample plots.
Tree damages were determined using methodology applied by other authors [1, 3, [27] [28] [29] [30] [31] .
At every sample plot, trees belonging to the sample were marked and recorded. Marginal trees were alternately taken and omitted from the sample. After the sample plots were set up, a detailed review of trees was conducted. Review included trees above taxation limit of 5 cm. For every tree belonging to the sample the following data were collected: tree species, diameter at breast height, prebunching zone (0-30 m or 30-60 m), presence of damages, presence of old damages, number of damages, type of damage, damage position, and the size of damage.
Damages were classified as: squashed bark, debarked tree, and debarked and damaged tree. Squashed bark is determined as a damage to the bark with invisible zone of cambium, and debarked tree is determined as a damage with visible zone of cambium [29] . Damages were classified according to the position of the damage as: stem damage, butt end damage, root collar damage, and root damage. To determine the position of tree damage a classification created by Meng [32] was used (Figure 2 ). , 100-200 cm 2 and >200 cm 2 [30] . The damage position was determined by using a measuring tape, measuring the distance between the middle of the damage and the ground.
The following pre-bunching methods were determined at sample plots: flat terrain pre-bunching, downhill prebunching and uphill pre-bunching (Table 1) .
ReSULTS AnD DIScUSSIOn
The research involved 361 trees of fir (Abies alba Mill.), spruce (Picea abies (L.) Karst.), beech (Fagus sylvatica L.) and sycamore maple (Acer pseudoplatanus L.). The damages were recorded on 3.32% of all inspected trees. The average number of damages per damaged tree was 1.08. One damage was recorded to 91.67% of damaged trees, and two damages were recorded to 8.33% of damaged trees.
The share of damaged trees (3.32%) was compared to the results of other studies. Melemez et al. [33] determined damages to 2.1% of residual trees in mixed beech-oak stands during animal skidding (by two oxen). Martinić [3] explored damages to residual trees during animal skidding and carrying out (by horses) in thinning operations of young stands, and determined that horse skidding and carrying out cause damages to 1.9% of residual trees, or to every 52 nd tree. Ficklin et al. [23] found that 7% of residual trees with >5" (≈12.7 cm) diameter at the breast height were damaged by mule-logging system in oak and pine stands (Quercus velutina Lain., Quercus alba L. and Pinus echinata Mill.)
Statistical analysis using χ 2 test showed significant difference in the proportion of damaged trees among different pre-bunching methods (p=0.0008). The largest share of damaged trees was recorded during uphill prebunching (9%), then pre-bunching on flat terrain (1.58), while during downhill pre-bunching damages to residual trees were not recorded. According to Behjou [34] , the probability of damages to residual trees increases with the increase of terrain slope. This ascertainment was confirmed.
Sample plots were divided into two pre-bunching zones with the aim of identifying the pre-bunching distance influence on damage appearance to residual trees. In pre-bunching zone of 0-30 m 2.79% damaged trees were recorded out of all trees belonging to the pre-bunching zone of 0-30 m. In pre-bunching zone of 30-60 m 3.85% damaged trees were recorded out of the all trees belonging to the pre-bunching zone of 30-60 m. Behjou [34] established that the probability of damages to residual trees decreases as the distance from the skidding trail increases. According to Kulušić [4] , the most threatened are trees and regenerations located in the first third of the distance between the skid trail and the transport boundary. The research results did not confirm other authors' findings [4, 34] . Statistical analysis using χ 2 test did not show significant difference in proportion of damaged trees between different prebunching zones (p=0.5769).
Statistical analysis using χ 2 test did not show significant difference in proportion of damaged trees among different tree species (p=0.4375).
Two sample plots (3 and 4) were located at the distance of 100 m from the landing on the truck road and another two sample plots (1 and 2) were located at the distance of 500 m from the landing on the truck road. The aim of this spatial distribution of sample plots was the identification of skidding frequency influence on damage to residual trees. Trees belonging to the pre-bunching zone of 0-30 m were exclusively analysed. In total 4 damaged trees were recorded on sample plots located farther from the landing on the truck road, or 3.88% of all trees belonging to sample plots On sample plots located nearer to the landing on the truck road one damaged tree was recorded, or 1.33% of all trees belonging to sample plots 1 and 2 and the pre-bunching zone of 0-30 m. According to Kulušić [4] , the skidding frequency along the tractor road or animal path has an influence to stand damage in such a way that stand damages increase as skidding frequency increases. The research results did not confirm this ascertainment. Statistical analysis using χ 2 test did not show significant difference in proportion of damaged trees between the sample plot at different positions (p=0.32).
Statistical analysis using χ 2 test did not show a significant difference in proportion of damaged trees with different diameter at breast height (p=0.1684). The largest number of damaged trees belongs to the diameter class 5-10 cm, and least to the diameter class 51-80 cm. There were no recorded damaged trees in the diameter class 21-30 cm.
The damages which appeared during wood extraction in previous management periods ("old damages") were recorded on the 9.42% of all surveyed trees. The presence of old and new damages was recorded on 1.11% of all surveyed trees, while new damages which appeared during current wood skidding were recorded on 2.21% of all surveyed trees ( Figure 3 ). It is evident that more damages to residual trees occurred during wood extraction in previous management periods in comparison to current wood extraction in 2017.
The analysis of damages per type of damage showed that the largest percentage share of damages belongs to the category of debarked tree (61.54% of all recorded damages), followed by squashed bark (23.08%), and debarked and damaged tree (15.38%) (Figure 4 ). Martinić [3] found similar results in a research of felling and animal and tractor skidding during juvenile stands' thinning. The most common type of damage was squashed bark or debarked tree.
Statistical analysis using χ 2 test did not show significant difference in the proportion of damaged trees with different type of damage (squashed bark, debarked tree and debarked and damaged tree) between uphill pre-bunching FIgURe 4. The distribution of damages depending on the type of damage.
and pre-bunching on flat terrain (p=0.2956). Also, statistical analysis using χ 2 test did not show significant difference in the proportion of damaged trees with different type of damage (squashed bark, debarked tree and debarked and damaged tree) between two pre-bunching zones (0-30 m and 30-60 m) (p=0.6835).
The analysis of damages per damage position showed that the same number of damages appeared on butt end and root collar (38.46%). The share of root damages in the total number of damages was 23.08% ( Figure 5 ). Stem damages were not recorded. The result of research is similar to results of other researches [1, 27, 28] and showed that damages appear on the most valuable part of the tree. Gurda et al. [28] found that the largest number of damages appeared on the most valuable part of the tree, butt end (at the height bellow 1.3 m from the ground) during wood skidding with Timberjack 225A skidder. The largest number of damages on residual trees during wood skidding with LKT 81T appeared on the root collar and the lower part of stem, at the height bellow 1 m [1] . Danilović et al. [27] studied damages to residual trees during skidding with Timberjack 240C and found that the largest number of damages in the winching phase appear on root collar, and on butt end during the skidding phase. Statistical analysis using χ 2 test showed significant difference in the proportion of damaged trees with different damage position (stem, butt end, root collar and root) between uphill pre-bunching and pre-bunching on flat terrain (p=0.0442). Root collar damages were exclusively recorded during pre-bunching on flat terrain, while during uphill pre-bunching root damages and butt end damages were also recorded. Statistical analysis using χ 2 test did not show significant difference in the proportion of damaged trees with different damage position (stem, butt end, root collar and root) between two pre-bunching zones (0-30 m and 30-60 m) (p=0.3214).
The average size of damage determined in this research is greater than the average size of damage found in other studies during skidding with a tractor. The average size of damage during skidding with Timberjack 240C varies between 50 and 200 cm 2 [27] . Gurda et al. [28] determined that the dominant damage on residual trees during skidding with Timberjack 225A was debarked tree on the area of 70 cm 2 on average. A large number of damages which appeared during tractor winching are caused by winch cable which is why they do not have a large area. During oxen pre-bunching damages are mostly caused by load impact to standing trees. Therefore, damages which appeared during oxen pre-bunching, although fewer of them, on average have greater area.
Damages larger than 200 cm 2 were in the largest percentage recorded at debarked and damaged trees ( Figure 7) . The smallest damages (25-100 cm 2 ) were in the largest percentage recorded at root damages (Figure 8) .
Type of damage "debarked tree" was in the largest percentage recorded at root collar and root damages, while "squashed bark" was in the largest share recorded at butt end ( Figure 9 ). 
cOncLUSIOnS
It can be concluded that oxen logging causes insignificant damages to residual trees. The result of research showed that damages appear on the most valuable part of the tree, the butt end (at the height bellow 1.3 m from the ground). The most common type of damage was debarked tree. Damages to residual trees can be reduced by organizational measures and appropriate planning of the felling site with visible marks on terrain, and also by preventive protection of the most threatened trees whose physical protection is done by setting the so-called protectors. In addition to above mentioned methods, the method of "sacrificed tree" is often used in practice. However, adequate control of forest harvesting is most important for high-quality work in forests. More intensive research of damages to residual trees during animal logging is planned to be conducted in the future, as well as the comparison between damages to residual trees during animal and mechanized logging. 
